C HLORTETRACYCLINE is well established as an additive used extensively in swine rations to aid in the prevention of losses from enteritis (Braude et al., 1953; Jukes, 1955) , cervical abscesses (Gouge et al., 1957 , atrophic rhinitis (Gouge et al., 1956; Elliott, 1957) , and for increasing body weight gains and improving feed efficiency (Beeson and Conrad, 1955; Catron, 1961; Smith et al., 1956; Teague, 1962) . Combinations of other antibiotics with chlortetracycline have been fed, but none has been thoroughly investigated.
Sulfamethazine, active against both Grampositive and Gram-negative bacteria, has been used for disease therapy, but has not been used in feeds on a continuous basis for preventing diseases or improving production, although limited research has shown efficacy against diseases when feed was used as the route of administration. Burkhart et al. (1948) found that high concentrations of sulfamethazine occurred in the blood within one hour after administering the drug in the feed. Thorp and Straley (1946) obtained clinical improvements in swine with necrotic enteritis and pneumonia caused by Hemophilus suis when sulfamethazine was given in the feed. Larsen (1948) successfully treated dysentery in swine. These reports established the therapeutic efficacy of sulfamethazine at concentrations ranging from 65 to 98 rag. per pound of body weight per day in their feed.
To determine the effects of combinations of chlortetracycline, sulfamethazine and procaine penicillin in pig starter rations on growth rate, feed efficiency, and disease prevention and the safety of the combination, the following experiments were condUcted under laboratory and farm conditions.
Experimental Procedure
Three-Week Weaned Pigs. One experiment was conducted to compare chlortetracycline (100 gm. per ton), sulfamethazine (100 gm. per ton) and procaine penicillin (50 gm. per ton) alone and in each possible combination on the performance of early-weaned pigs. A series of five additional experiments was conducted to further establish the effect of feeding either chlortetracycline alone, chlortetracycline and sulfamethazine or a combination of the three antibacterial agents. The experiments were conducted under practical conditions on three different Iowa farms. At approximately 3 weeks of age, the pigs were weaned and allotted, assuring uniform distribution of size and sex, to the treatment groups. There were 20 to 23 pigs per group. Individual weights and feed consumption by treatment were recorded at 2-week intervals. A pelleted, 18% protein basal ration (table 1, ration 1) was used throughout and the antibacterial agents added as designated in each summary table. The rations were fed ad libitum from self-feeders. Morbidity and mortality were recorded and cause of death diagnosed by a local consulting veterinarian. The male pigs were castrated between 5 and 7 weeks of age.
The experiments were conducted in heated growing houses with temperatures not lower than 55 ~ F. Pen size allowed four to five square feet per pig. The concrete floors were well drained and the sleeping area bedded with either wood shavings or ground corn cobs.
Pigs Injected with S. choleraesuis. Weanling pigs were allotted according to weight and sex into uniform groups that included a noninfected control, infected control, and infected medicated treatment. Prior to infection, all pigs were vaccinated for hog cholera with a modified live virus vaccine. Infection was induced 5 days after vaccination by fasting the pigs for 18 hours and then giving them onehalf pound of feed per pig, containing a culture of Salmonella choleraesuis var. Kunzendoff. The pigs were then given their respective experimental rations. Thereafter, all pigs were observed for outward symptoms of infec-154 
Sa]ety. Safety data were obtained beyond
that demonstrated by the consistently improved performance of young pigs in the previously described trials. Early-weaned pigs were placed on experiment at approximately three weeks of age. Four gilts and four boar pigs were allotted (males and females penned separately) to each of three treatment groups. These were: (1) control, (2) medicated feed containing 300 gm. chlortetracycline, 300 gm.
Results and Discussion
Three-Week Weaned Pigs. The results of the experiment with combinations are shown in table 2. The individual antibacterial agents, chlortetracycline, sulfamethazine or penicillin improved weight gains over the controls 43, 16, and 29%, respectively.
The combination of sulfamethazine with penicillin, chlortetracycline with penicillin and chlortetracycline with sulfamethazine, improved average daily weight gains 24, 27 and 51%, respectively. The pigs that received the three antibacterial agents gained 78% faster than the control pigs.
The average daily gain data were analyzed by analysis of variance. The standard error of the experiment was 0.06 lb. gain per day. The main effects for chlortetrac~icline and sulfa- ELLIOTT, JOHNSON AND SHOR methazine showed a highly significant (P< .01) increase in gains while the effect for penicillin was significant (P<.05). The chlortetracycline by sulfamethazine interaction was significant (P<.05) and a highly significant (P <.01) interaction occurred when the three antibacterial agents were combined. A feed efficiency of 1.85 lb. feed/lb, gain was obtained in the pigs receiving the three antibacterial agents in combination, followed in decreasing order by those receiving chlortetracycline and a combination of chlortetracycline and sulfamethazine. The average daily feed intake increased with increases in weight gains.
The combined results of the six experiments conducted on farms with three-weeks weaned pigs are shown in table 3. The ration additives are shown under treatment. Figure 1 shows the effect of the various treatments on the average weight of the pigs at 2-week intervals of the duration of the experiments.
For the 42-day period, the addition of chlortetracycline to pig rations resulted in a 42% greater average daily gain compared with the performance of pigs fed the control ration. The further addition of sulfamethazine resulted in a 64% gain, and the addition of penicillin resulted in an 87~ greater gain over the controls. The average daily gains for the pigs in the control group were significantly (P<.01) less than those of the pigs receiving the medicated rations. There was a significant treatment and experiment effect. The coefficient of the variability was 7.3% and the standard error of treatment mean was 0.02 lb.
The addition of the antibacterial agents re- a One died, no lesions; one died, castration; one died, gastritis and enteritis; one died, malnutrition--crowded out. duced the amount of feed required per pound of gain while the average daily feed consumed was progressively increased with the addition of each agent.
Pigs Injected with S. choleraesuis. The performance of pigs following exposure to a mild S. choleraesuis infection is shown in table 4.
The period of observation was 28 days, including seven days pre-exposure and 21 days postexposure. The S. choleraesuis culture did not result in mortality, but did cause diarrhea among nine of the 10 pigs in the infected nonmedicated group; inactivity and posterior weakness were observed, and in one pig a prolapsed rectum developed. Maximum rectal temperatures occurred in all pigs 7 days after vaccination against hog cholera and within 2 days after exposure to S. choleraesuis. The maximum temperature for the non-infected controls was 105.8 ~ F., for the infected controls 106 ~ F., and for the medicated groups 105.3 ~ F. Based on pre-vaccination temperatures, the presence of a secondary infection of unknown nature was suspected since body temperatures ranged about 1 ~ F. above the normal of 102.5 ~ . Temperatures for the medicated and non-infected pigs decreased within another 24 to 48-hour period while the temperatures of the infected non-medicated pigs gradually decreased over a 13-day period after exposure to S. choleraesuis.
It is evident from the data in table 4 that exposure to S. choleraesuis depressed the weight gains and feed efficiency below that for the non-infected, non-medicated controls. The value of preventive medication is shown by the increased weight gains and improved feed efficiency of the pigs (Group 3) that received the medicated ration 2 days before vaccination for hog cholera and 7 days before ex- posure to S. choleraesuis. The average daily gains for Group 3 were 42, 49 and 13% greater than those for Groups 1, 2, and 4, respectively. The severity of the infection was reduced also when medication was begun at the time of exposure (Group 4). The infection caused a marked decrease in feed consumption in the non-medicated group beginning with exposure and continuing for the period of observation. Feed consumption by the medicated groups was similar to that expected for pigs of this weight and age. The performance of pigs exposed to an S. choleraesuis infection severe enough to cause mortality is shown in table 5. The average initial weights for the 10 pigs started per treatment were 39.3, 39.4, and 39.8 lb. for Groups 1, 2, and 3, respectively. The data presented in the table for Groups 2 and 3 are for the surviving pigs. Four pigs in the infected non-medicated group died--one on the fifth day post-exposure, two on the seventh day, and one on the 16th day. S. choleraesuis vat. Kunzendor] was isolated from the liver of each dead pig. E. coli but no Salmonella spp. was isolated from the liver of the dead pig from Group 3. This death occurred on the thirteenth day after exposure.
The maximum temperature of 107.4 ~ F. occurred 7 days after vaccination for hog cholera in the infected non-medicated group and gradually decreased to normal by 7 days post-exposure. The maximum temperature for the pigs in the medicated group was 105.9 ~ F. and occurred on the fourth day after exposure.
The maximum temperature for the non-infected controls was t04.0 ~ F. The severity of the infection caused a major reduction in weight gains, feed intake and feed conversion in the non-medicated infected group. During the first week following exposure, these pigs lost weight, after which the surviving pigs began to gain slowly. One pig lost weight in the medicated infected group and average gains declined to 5.2 lb. per pig during the first week, while the non-infected controls gained an average of 10.7 lb. For the remaining two weeks of observation, the gains of both groups were equal. The non-infected group averaged 22.4 lb. gain per pig while the infected medicated pigs averaged 2 2.9 lb. The recovery of the medicated pigs following a severe S. choleraesuis exposure was quite rapid.
The data presented in table 5 show the significant reduction in weight gains for those pigs surviving the infection during the threeweek period. While the average daily gain for the infected medicated group was 1.34 lb., the depression in gain was during the first week following exposure with recovery by the end of this time to normal rates of gain. The feed efficiency data reveal a marked effect of infection on feed-gain ratios during the experiment. Medication of feed of the infected pigs allowed a feed efficiency equal to the non-infected controls.
Safety. The zine and penicillin in pig starter rations on rate of gain, feed efficiency and disease prevention. The safety of the combination was also studied. The addition of chlortetracycline, sulfamethazine and penicillin to the rations of pigs weaned at 3 weeks of age and maintained on experiment for 6 weeks resulted in increased average daily gain of statistically significant magnitude. Feed required per pound of gain was reduced and average daily feed increased.
Exposure of pigs to a mild S. choleraesuis infection reduced their performance rates as measured by average daily gains and feed efficiency. Performance under this condition was improved markedly by the addition of an antibacterial combination of 100 gin. chlortetracycline, 100 gin. sulfamethazine and 50 gin. procaine penicillin per ton of feed.
Exposure of pigs to a severe S. choleraesuis infection resulted in mortality, slow gains, very poor feed efficiency and slow recovery. Medication of rations with the three antibacterial agents resulted in rapid recovery of the pigs from the infection. By the end of 7 days post-infection, the medicated pigs were performing equally as well as the non-infected controls.
The data presented indicate that this combination of antibacterial agents may have practical benefits as an additive for pig starter rations and may be used safely since examination of the blood, urine and tissues showed no abnormalities as a result of treatment.
